Introduction Methicillin resistant Staphylococcus aureus (MRSA) is transmitted through direct contact or fomites. The most important means of nosocomial spread is by hospital personnel. However, fomites are being increasingly recognized as sources of nosocomial infection.
Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is a leading cause of nosocomial infections [1] . The most important means of nosocomial spread is through carriage of S.aureus on the hands, scalp and anterior nares of healthcare workers [1] . However, fomites are being increasingly recognized as sources of nosocomial infections [2] [3] [4] . Disconcertingly high rates (81%) of MRSA in clinical specimens with S.aureus have been reported in Sri Lanka [5] .
The degree of MRSA contamination of inanimate objects is dependent on the colonization and infection rates of patients and healthcare workers in that unit [2] . It also depends on the cleaning and infection control measures of the institution [6] . In other countries, phlebotomy tourniquets and faucets have been identified as important reservoirs of MRSA [2] [3] [4] 6, 7] . Although causality between contaminated tourniquets and increased MRSA infection has not been established, the potential for cross-contamination cannot be ignored. This has been demonstrated in some studies [2, 8, 9] . It has been shown that health care staff contaminate their gloves by handling or touching sites near patients colonized with MRSA and that tourniquets are contaminated mainly via healthcare workers rather than patients [2, 9] . Environmental cleaning and replacement of shared devices have been effective in controlling MRSA outbreaks which occur despite standard infection control measures [10, 11] .
Type, duration of use and disinfection of tourniquets reported in these studies are different from those in Sri Lanka. One main difference is that most government hospitals in Sri Lanka use plastic tubing from infusion sets as tourniquets. Therefore, we conducted this study to describe the MRSA contamination rate of tourniquets and faucets in a local tertiary care hospital. We also compared the degree of contamination of plastic tubing
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with that of commercially available fabric tourniquets to verify reports that smooth surfaces are less likely to be contaminated with bacteria than rough surfaces [12, 13] . Standard precautions practised during phlebotomy in the chosen hospital, were also assessed.
Methods
This descriptive cross-sectional study was carried out in all wards except the intensive care and special care units of a tertiary care hospital in the Colombo District, Sri Lanka. We conducted this in four phases (see below) from September to December, 2014.
Phase A -MRSA contamination rate of tourniquets
We collected all tourniquets which were being used in the wards at the start of the study. As the total number of tourniquets collected from all wards during the first round (n=77) was less than the calculated sample size of 200, more tourniquets were collected on two other occasions, one month apart (total n=206). The tourniquets were transported to the laboratory, in sterile bags on the same day.
Two of the wards used commercially purchased tourniquets. As these could not be removed, we swabbed the surfaces of these tourniquets with a moist sterile swab each time tourniquets were collected. A representative number of tourniquets were collected at random from wards that had single-patient tourniquets.
Using aseptic techniques these tourniquets were incubated overnight at 37°C in brain-heart infusion broth, 200 μl of broth was sub-cultured on to CHROMagar ™ MRSA medium (CHROMagar Microbiology, Paris, France; "CHROM") and processed according to manufacturer's instructions. Two of the investigators independently examined the plates and those with pink colonies that had a colony morphology characteristic of staphylococci were reported as MRSA positive. Gram staining and coagulase tests were done for confirmation. All other colony types and absence of growth were recorded as MRSA negative.
Phase B -MRSA contamination rate of faucets
A representative number of faucets were randomly selected from different locations in 29 wards and a total of 100 faucets were swabbed. Faucets was grouped based on their location, namely: a. faucets in wards used mainly by health care workers b. faucets in wards used mainly by patients, c. faucets in the pantry, d. faucets in toilets used by health care workers, e) faucets in toilets used by patients, f) faucets in washing areas used for cleaning instruments (Supplementary table) . A moist sterile swab rubbed over the entire surface of the faucet was incubated overnight in brain-heart infusion broth and sub-cultured on to CHROM as described above.
Phase C -Effect of tourniquet material on contamination rate
One or two patients were randomly selected from each ward during routine phlebotomy. Around each patient's arm one commercially available fabric tourniquets and one plastic tubing (both sterilized prior to use) were tied close together, without contact with each other (n=50 pairs). We alternated the positions of tourniquets to avoid the site of application affecting the results. Following phlebotomy, the tourniquets were placed in separate sterile bags by the health care worker.
Maintaining aseptic precautions, two inch pieces from both ends and the middle part of each tourniquet were cut using sterile scissors and inoculated on to blood agar. Both sides of the cut pieces from the commercially available fabric tourniquets were pressed once on agar. Pieces from the plastic tubing were cut lengthwise and the whole outer surface was pressed once on agar. The inoculum was spread over the agar with a loop. After overnight incubation at 37°C, the total number of colonies was recorded and suspect staphylococcal colonies were sub-cultured on to CHROM.
Phase D -Observation of standard precautions adopted during phlebotomy
We observed the routine phlebotomy procedures in all wards for a period of three weeks. Health-care workers were unaware of being observed; however, we allowed a grace period of three days between introduction of data collectors to the ward and recording of practices, to allow the health-care workers to be familiar with the presence of data collectors. Using an observational checklist, we collected data on four separate occasions in each ward. In two of the obstetrics and gynaecology wards, two of the ear nose and throat (ENT)/ophthalmology wards and one psychiatry ward, phlebotomy was performed very early in the morning and the presence of data collectors in these wards at these times would have made their purpose obvious to the health-care workers. Therefore, we excluded these five wards from this phase of the study.
Statistical analysis
Data were entered, cleaned, and analysed with SPSS version 21.0 software (IBM Corporation). Descriptive data are reported as frequencies and percentages. Factors associated with MRSA contamination were described using cross tabulations (with Fisher's exact test) and p<0.05 was considered to be statistically significant.
Ethics approval was obtained from the Ethics Review Committee of the Faculty of Medical Sciences, University of Sri Jayewardenepura.
Results
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Original article surgery (n=8), obstetrics and gynaecology (n=8), medicine (n=6), ENT/ophthalmology (n=2), paediatrics (n=1), cardiology (n=1), psychiatry (n=1) and two common wards with patients from dermatology, rheumatology, neurology and dentistry, were included. Two surgical wards that did not consent and one gynaecology ward that did not have tourniquets were excluded.
Phase A -MRSA contamination rates of tourniquets
Majority of the wards (27 of 29) used plastic tubing. Two wards used one plastic tubing per patient (singlepatient tourniquets; n=14) whereas the others (n=192) reused a plastic tubing on multiple patients for periods varying from 12 hours to three days. Two wards had commercially purchased tourniquets; one of these wards used plastic tubing in addition to a commercially purchased plastic tourniquet which had been used for two months. The other had only a commercially available fabric tourniquets which had been used for 26 months. None of the tourniquets were visibly blood stained on collection.
Overall, 53 of 206 (25.7%) tourniquets grew MRSA. The two commercially purchased tourniquets were swabbed on four occasions and the commercially purchased plastic tourniquet was found to be positive for MRSA on two occasions. The commercially purchased plastic tourniquet had a higher contamination rate than the commercially available fabric tourniquets (p<0.05; Table 1 ). The contamination rate of the plastic tubing (not the commercially purchased ones) was 25.8% (51 of 198) and 28.6% of single-patient tourniquets were contaminated with MRSA. Neither the frequency of use (single-patient versus repetitive use) nor the specialty of the ward significantly affected contamination rates (p=0.76 and p=0.13 respectively; Table 1 ).
Phase B -MRSA contamination rates of faucets
MRSA was isolated from 26 of the 100 faucets which were randomly sampled. Contamination rate was significantly associated with the type of ward (p<0.01). More than half the contaminated faucets were from the the gynaecology wards ( Table 2 ). The highest contamination rate was in the two common wards which consisted of the specialities of dermatology, dental, rheumatology and neurology (55.6%). The second highest rate was in the obstetrics and gynaecology ward (45.2%), followed by cardiology (33.3%), surgery (18.8%), psychiatry (11.1%) and medicine (5.6%). Contamination rate did not significantly differ by location within the ward (p=0.44) or user (health-care workers versus patients p=0.11).
MRSA Contaminated (n=53)
MRSA 
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Phase C -Effect of tourniquet material on contamination rate
All tourniquets (commercially available fabric tourniquets and plastic tubing) gave rise to bacterial growth on blood agar after single use. The mean CFU/cm 2 for all types of bacteria on plastic tubing was 3.68 (SD ± 5.29; range 0.07-23.94) and for commercially available fabric tourniquets 2.25 (SD ± 4.18; range 0.1-28.42). The difference was not significant (p=0.14). Two percent of plastic tubing and 6% of commercially available fabric tourniquets were contaminated with MRSA although the difference was not significant (p=0.62).
Observation of standard precautions adopted during phlebotomy
We made a total of 96 observations on health-care workers from 24 wards. During a single phlebotomy session, the maximum number of patients a single healthcare worker handled was 10 and in some wards it was one or two. Over 90% of health-care workers did not wash their hands before the procedure and 75% did not wash their hands after completing the phlebotomy procedure. Only one health-care worker washed hands both before and after handling the patient.
Thirty (68.8%) health-care workers did not wear gloves during phlebotomy. Of those who did, none changed gloves between patients. A few (7/30) continued to wear gloves after phlebotomy. Of those who wore gloves, only one washed hands before and after wearing gloves and seven washed only after removing gloves. Most of the health-care workers who washed their hands after the procedure used bar soap and all surfaces of the hands were lathered adequately. However, none of them rubbed hands systematically both before and after the procedure. One health-care worker used a disinfectant hand rub and the other rinsed only with water. All of them rinsed their hands adequately and most (16/19) dried their hands on towels or tissues that were available. Single use towels or tissues were provided in about half the units and health-care workers discarded them appropriately.
MRSA
We observed that all plastic tubing were re-used on multiple patients without cleaning in between phlebotomy procedure. None of the tourniquets were visibly blood stained. When not in use, the tourniquets were often kept tied to the trolley that carried instruments and less frequently were placed on either trays/plastic containers, bench tops or patients' lockers or drawers or were hung on the walls.
Discussion
The rate of MRSA contamination of tourniquets in this hospital (25.7%) was high. Other studies on re-usable tourniquets with sample size of ≥ 100 have reported MRSA contamination rates ranging from 0% to 24% [2, 3, 6, 14] . One study reported that the contamination of tourniquets which had been in use for ten days to two months was 24% [2] . However, in our study a contamination rate of Vol.
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Original article 25.7% was found despite the tourniquets being used for not more than three days, indicating that the duration of use may not affect the contamination rate of tourniquets. This is further supported by our findings that single use tourniquets had a similar rate of contamination (28.6%) to that of reused tourniquets (25.5%). The high MRSA contamination rate in single use plastic tubing could be due to environmental contamination, as these are made from discarded infusion sets which have been lying in discard bins before being used as tourniquets. It has been previously suggested that contamination of tourniquets can be used as a surrogate marker of environmental contamination and the efficiency of infection control practices [6] . Our study also showed that re-used tourniquets were improperly stored and were likely to be contaminated from the environment.
There was no significant difference in contamination rates of re-used and single-patient tourniquets (p=0.76). This has been reported previously. Pinto et al found that the highest rates of multi-resistant organisms were in single use tourniquets in the intensive care unit. He concluded that it is not necessarily re-use that leads to contamination [6] . This concurs with our findings. Another study reported that tourniquets were contaminated mainly by the users' hands rather than the patients' skin and that MRSA contamination of tourniquets was significantly lower after hand hygiene education [2] . Poor hand hygiene of health-care workers could have contributed to the high rate of MRSA contamination of tourniquets in our study. The possibility that MRSA in the environment and fomites could lead to contamination of workers' hands should be a borne in mind [9] . Re-use of tourniquets enables cross contamination among patients and therefore, single use tourniquets are preferable. However, whether tourniquets actually increase the rate of hospital infection is uncertain [8] .
There is contradicting evidence regarding survival of MRSA on different types of surfaces. Some studies indicate that higher contamination rates and longer survival of MRSA occurs on rough or corrugated surfaces compared to smooth surfaces [12, 13] . Other studies suggest that microscopic deep crevices on apparently smooth non-PVC plastic help sequester cells and protect them from dehydration [15] . In Phase C of our study (which showed no difference in the contamination rates between the two types of tourniquets) plastic tubing which was tied around patient's arm were handled more by the healthcare workers than the commercially available fabric tourniquets which required only pulling through a buckle to tighten. We believe that this increased handling and possible protection of bacteria by microscopic crevices on the apparently smooth surface of plastic tubing could have increased the contamination rate.
For a middle income country like Sri Lanka, commercially available tourniquets may not be a cost effective option. Therefore, we suggest using plastic tubing which is one seventh of the the cost of the former and replacing it after a single use. However, use of old infusion-set tubes is not advisable as these could already be contaminated. Single use alone is not sufficient to reduce cross-contamination, as a health-care worker with poor hand hygiene could transmit pathogens from the patient to a new tourniquet. Hand washing before and after handling a patient is the most effective means of preventing this cross-contamination. However, as in previous studies, our study also showed a low compliance by health-care workers regarding routine hand hygiene, which could be one reason for the high MRSA contamination rate in single use tourniquets [16, 17] .
The contamination rate of faucets was higher in our study (26%) than what has been previously reported (11%) [4] . Contamination of skin or wounds via hands contaminated by faucets may lead to grave consequences, especially in the dermatological, surgical and gynaecology and obstetrics wards. As non-contact faucets are not a viable option for Sri Lanka, we suggest cleaning faucets regularly with detergent and encouraging health-care workers to close the taps using disposable tissues.
CHROMagar
™ MRSA medium (CHROMagar Microbiology, Paris, France) was used as a selective medium in this study as a large number of specimens had to be processed per day. It is more than 94.5% sensitive (24hrs incubation) and more than 96% specific as reported by several investigators who have evaluated this medium against standard methods [18, 19, 20] .
Considering the high contamination rate of tourniquets we recommend that a study should be carried out to determine if infection rates can be brought down by single use of tourniquets.
Conclusion
Our findings add to the existing evidence that reusable tourniquets and faucets act as reservoirs of MRSA. Single-use (i.e. disposed after single use) plastic tubing from new infusion sets were much less contaminated with MRSA than reused plastic tubing tourniquets and re-used tourniquets dedicated to a single patient. Universal standard hand-hygiene practices must be inbuilt in to the assessment of health-care workers in hospitals to minimise cross-contamination with MRSA.
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